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•  WE  HAVE  HEARD  FROM  DR.  SANDERS  AND  MR  KRATZ— 
THEIR  MESSAGE  IS  CLEAR— WE  NEED  TO  FOCUS  ON  HOW 
WE  SUPPORT,  MAINTAIN  AND  UPGRADE  OUR  SYSTEMS 

•  THE  UNDER  SECRETARY  OF  DEFENSE  FOR  ACQUISITION 
REFORM  HAS  PROVIDED  US  WITH  THE  OPPORTUNITY— 
AND  THE  ENVIRONMENT  TO  MODERNIZE  AND  IMPROVE 
OUR  BUSINESS  AND  TECHNICAL  PRACTICES. 

•  A  MAJOR  DRIVER  BEHIND  ACQUISITION  REFORM  HAS 
BEEN  THE  BUDGET.  IF  WE  ARE  GOING  TO  MODERNIZE 
AND  LIVE  WITHIN  THE  BUDGET  CONSTRAINTS  WE  NEED 
TO  FIND  PLACES  WHERE  WE  CAN  SAVE  MONEY.  MUCH  OF 
OUR  FOCUS  HAS  BEEN  ON  REFORMING  THE  ACQUISITION 
PHASES  OF  THE  SYSTEM  LIFE  CYCLE— BUT  IN  TRUTH  THE 
OPERATIONS  AND  SUPPORT  OR  O&S  PHASE  OF  THE 
SYSTEMS  LIFE  CYCLE  IS  WHERE  WE  SPEND  THE  LION’S 
SHARE  OF  OUR  SYSTEMS  RELATED  DEFENSE  DOLLARS. 
THEREFORE,  IT  WOULD  ONLY  MAKE  SENSE  THAT  THIS  IS 
ANOTHER  “TARGET  OF  OPPORTUNITY”  THAT  IS  CRITICAL 
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TO  REFORM,  MODERNIZE  AND  IMPROVE  OUR  BUSINESS 
AND  TECHNCIAL  PRACTICES. 

•  SPECIFICALLY,  LOOK  AT  THE  HISTORY  OF  JUST  A  FEW  OF 
OUR  LEGACY  SYSTEMS. 

CHART 

•  THIS  CHART  HAS  BEEN  USED  BY  THE  LOGISTICS 
COMMUNITY  FOR  SOME  TIME  TO  MAKE  THE  POINT  THAT 
O&S  COSTS  ARE  HIGH  PRINCIPALLY  BECAUSE  OF  LOW 
SYSTEM  RELIABILITY  THAT  HAS  IN  TURN  RESULTED  IN 
MORE  SPARES  BEING  REQUIRED— AND  THEREFORE 
COSTING  US  MORE  MONEY 

•  WHILE  THERE  IS  SOME  TRUTH  IN  THIS,  IT  DOES  NOT  TELL 
THE  WHOLE  STORY— O&S  COSTS  AS  WE  ALL  KNOW  ARE 
MADE  UP  OF  MANY  ELEMENTS  INCLUDING  FUEL, 
MANPOWER,  AMMUNITION,  EXISTING  SUPPORT 
INFRASTUCTURE  ETC— NOT  ALL  OF  THESE  ARE  DIRECTLY 


A.  De  Kleine\NDIA\OperationSCHAEFFERS 
09/28/98  2:42  PM 


G 


TIED  TO  RELIABILITY  EVEN  THOUGH  IT  MAY  PLAY  A 
PART  IN  SOME.  OPERATIONAL  TEMPO  IS  ALSO  ANOTHER 
MAJOR  CONTRIBUTING  FACTOR.  IT  STANDS  TO  GOOD 
REASON  THAT  THE  MORE  WE  USE  A  SYSTEM,  THE  HIGHER 
THE  O&S  COSTS  ARE  GOING  TO  BE,  ESPECIALLY  IF  THE 
SYSTEM  USES  FUEL. 

•  BUT  THAT  IS  NOT  MY  FOCUS.  WHEN  I  LOOK  AT  THIS 
CHART,  I  SEE  A  BIG  OPPORTUNITY. 

•  AS  WE  CAN  SEE— THERE  IS  AMPLE  OPPORTUNITY  TO 
MAINTAIN  AND  MODIFY  THESE  SYSTEMS— ESPECIALLY 
WHEN  YOU  CONSIDER  THE  LONGER  O&S  TIMEFRAME 
COMPARED  TO  THE  DEVELOPMENT  TIMEFRAME. 

•  MOREOVER— WE  ARE  ACTIVELY  TRYING  TO  SHORTEN 
THE  ACQUISITION  LIFE  CYCLE.. 

•  THE  OPPORTUNITY  OR  CHALLENGE  TO  THE 
ENGINEERING  COMMUNITY  IS  THIS— HOW  DO  WE 
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COLLECTIVELY  DESIGN  A  SYSTEM  TO  BE  EFFICIENTLY 
AND  EFFECTIVELY  MAINTAINED  DURING  OPERATION— 
BUT  ALSO— HOW  DO  WE  DESIGN  A  SYSTEM  TO  BE 
EFFICENTLY  AND  EFFECTIVELY  UPGRADED  WITH  NEW 
TECHNOLOGY  OR  CAPABILITY— OR  AGAINST  A  NEW 
THREAT  OVER  TIME  ? 

•  OUR  EFFORTS  UNDER  ACQUISITION  REFORM  HAVE 
IMPROVED  OUR  PRACTICES  TO  DESIGN  AND  PRODUCE 
NEW  SYSTEMS  EFFICIENTLY  AND  EFFECTIVELY. 

•  WE  HAVE  INSTITUTONALIZED  IPPD— WE  HAVE  FORMED 
IPTS  TO  BRING  THE  ACQUISITION  LOGISTICIAN  INTO  THE 
DESIGN  PROCESS— WE  HAVE  EXPLOITED  OPEN  SYSTEMS 
ARCHITECTURES  AND  REDUCED  THE  NUMBER  OF 
MANDATORY  MILITARY  SPECIFICATIONS  AND 
STANDARDS— WE  HAVE  UPDATED  THE  ACQUISITION 
WORKFORCE  CURRICULUM  AT  THE  DEFENSE 
ACQUISITION  UNIVERSITY  TO  REFLECT  THESE  AND  MANY 
OTHER  CHANGES. 
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•  I  BELIEVE  WE  HAVE  DONE  A  REASONABLE  JOB  TO 
ENSURE  THAT  ACQUISITION  REFORM  HAS  BEEN  PUSHED 
OUT  INTO  THE  FIELD. 

•  THERE  HAVE  BEEN  ROAD  SHOWS,  ACQUISITION  REFORM 
STANDDOWN  DAYS,  WORKSHOPS,  SATELLITE 
BROADCASTS,  AND  A  HECK  OF  A  LOT  OF  MEDIA 
EXPOSURE. 

•  BUT  WITH  ALL  THIS  ACTIVITY,  HAS  THE  ENGINEERING 
COMMUNITY— THOSE  OF  US  HERE  TODAY- 
COLLABORATED  ON  HOW  WE  CAN  COMPLEMENT  EACH 
OTHERS’  ACTIVITIES. 

•  SPECIFICALLY,  HAVE  THOSE  OF  US  ON  THE  ACQUISITION 
SIDE  OF  THE  HOUSE  SHARED  OUR  LEESONS  LEARNED 
WITH  IPPD— THE  USE  OF  IPTS— OUR  EFFORTS  TO  ADOPT 
COTS  AND  OUR  VIEWS  ON  THE  ANTICIPATED  PAYOFF  OF 
AN  OPEN  SYSTEMS  ARCHITECTURE  ? 
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•  HAS  THE  SYSTEM  OPERATING/SUSTAINING  COMMUNITY 
SHARED  THE  LIMITATIONS  OF  APPLYING  CAIV  ?  THE 
NUANCE  ASSOCIATED  WITH  USING  COTS  -  OR  OPEN 
ARCHITECTURES  ?  THE  PRESSURE  OF  MAINTAININGG  AN 
OPERATIONS  TEMPO  WHILE  TRYING  TO  DO  NORMAL 
MAINTENANCE  OR  A  SYSTEM  UPGRADE.  TRYING  TO 
REPLACE  OR  MAINTAIN  PARTS,  COMPONENTS  OR  SUB¬ 
SYSTEMS  WHERE  THE  OEM  HAS  GONE  OUT  OF  BUSINESS 
OR  JUST  STOPPED  MAKING  THE  PRODUCT. 

•  I  BELIEVE  WE  HAVE  A  LOT  TO  SHARE  WITH  EACH 
OTHER— THAT  IS  THE  ACQUISITION  AND  SUSTAINMENT 
ENGINEERING  COMMUNITIES— THAT’S  WHY  WE  ARE 
HERE  TODAY. 

•  NOW  DON’T  GET  ME  WRONG— A  LOT  OF  GOOD  WORK  AND 
COMMUNICATIONS  HAS  AND  IS  GOING  ON.  TAKE  THE 
EXAMPLE  OF  THE  NSSN 
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CHART 


•  THE  QUESTION  WE  WANT  TO  ANSWER  TODAY  IS— HOW 
CAN  WE  DUPLICATE  THIS  KIND  OF  GOOD  NEWS  STORY 
WITH  OTHER  SYSTEMS  ? 

•  HOPEFULLY,  WE  WILL  FIND  OUT  THIS  WEEK. 

•  BEFORE  I  BRING  ON  THE  PANEL,  LET  ME  SHARE  WITH 
YOU  JUST  HOW  IMPORTANT  WE  ARE  TO  THE  TECHNICAL 
COMMUNITY  AT  LARGE. 

•  DR.  SANDERS  AND  I  ARE  OFTEN  ASKED  TO  SPEAK  AT 
VARIOUS  WORKSHOPS,  SYMPOSIA,  ETC.  IN  THE  AREAS  OF 
QUALITY— TEST  AND  EVALUATION— MANUFACTURING— 
SOFTWARE— ACQUISITION  LOGISTICS— OPEN  SYSTEMS— 
RELIABILITY  AND  MAINTAINABILITY— MODELING  AND 
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SIMULATION  AND  OF  COURSE  SYSTEM  ENGINEERING  IN 
GENERAL-JUST  TO  NAME  A  FEW. 

•  THE  CONSISTENT  THEME  WITH  ALL  THESE  FUNCTIONAL 
DISCIPLINES  IS  THIS— WE  HAVE  TO  WORK  WITH  THE 
DESIGN  ENGINEER ,  THE  OPERATORS  AND  SUSTAINERS  TO 
BE  SURE  WE  ALL  UNDERSTAND  EACH  OTHERS’  NEEDS  AND 
REQUIREMENTS. 

•  IT  IS  CLEAR— AS  I  LISTEN  TO  THE  INDIVIDUAL 
FUNCTIONAL  COMMUNITIES— THAT  THIS  COMMUNITY  IS 
EXPECTED  TO  EFFECTIVELY  AND  EFFICIENTLY 
INTEGRATE  THE  MANY  DISCIPLINES  IT  TAKES  TO 
DESIGN— DEVELOP — PRODUCE— MAINTAIN  AND 
UPGRADE  THE  DEPARTMENT’S  SYSTEMS. 

•  THE  CHALLENGE  IS  FOR  US  TO  JUST  DO  IT. 
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^  IPT  GOAL:  To  field  a  V-22  support  system  which 
meets  all  our  customer's  objectives: 
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Developed  Dedicated  Maintainer  Status  Layers  For  Conducting 
Maintenance/Troubleshooting  And  System  Calibrations 
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To  Repair  (MTTR)  &  Fault  Detection/Isolation 
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Production  Configuration  Hardware/Software  Utilized 


Used  By  Suppliers  To  Validate  “I”  Level  Pubs 

Generating  Additional  Database  For  Future  Product 
Improvements 
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Levied  On  A  Major  Weapon  System 
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General  visual  inspections  to  detect  damage,  defects  or 
degradation 
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maintained  in,  anon-redundant  relational  or  object- 
oriented  data  base. 
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Requirements  Are  Fundamental! 


-  Enhances  IPT’s  interactive  functionality  during  product  definition 
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SUBSYSTEM  SOLUTIONS  C  ANNOT  BE  DETERMINED  IN  ISOLATION 
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Our  Contract  with  PMA  209  Implemented 
Affordable  Readiness  and  Flexible  Sustainment 

Two  goals  dominate  our  supportability  strategy 
•  Reduced  cost  of  ownership  across  all  elements  of  the  life  cycle 


Reliable  Designs 
P3|  for  Obsolescence 
Design  Documentation 


TRW’s  Approach  to  Supportability  Emphasizes 
Information  Integration  to  Reduce  Cost  of  Ownership 


Concurrent  Engineering  (CE)  Approaches 
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BITE  drojitry  tiiat  tracks  within  the  ftjll  range  of  control  surface  positions  and  is 
impenflous  to  variations  in  system  ground  levels  (±0,6v  DC).” 

The  Real  Issue:  Let’s  make  it  easy  for  the  designer  by  making  supportability 
bansparent  through  simple  and  direct  specifications. 
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OSA-IDD  Program  Team 


OSA-IDD  Program  Approach 
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Findings 


Trend  Analysis 
Machine  Learning 
Data  Mining 
etc. 
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Findings:  Diagnostic  Functions  and  the  On-Product  Test 

and  Diagnostics  Component 

^  1  *  Test  &  Diagnostii^ 

(On-Product)  Diagnostic  Functions 
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Recommended  Approach 

An  Expanded  Definition  of  Integrated  Diagnostics 
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Recommended  Approach 
An  Information-Based  Integrated  Diagnostic  Architecture 
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Recommended  Actions  and  Expected  Benefits 

r •  Enable  life  cycle  cost  reduction  and  diagnostic 
]  ^  maturation 

Establish  OSD*levei  •  An  OSD-Levet  Agent  to  broker  enabling 
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Summary 

A  consistent  approach  is  possible  for  integrating  diagnostic  capability 
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An  Information  Model  View 
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Non-PK>pytei©n  Electronic  Syiltm 


a  Data-Oriented  Versus  Point-To-Point  Interfaces 
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There  is  Substential  Risk  in  Deferring  Integration 
Test  Until  the  System  is  Assembled  Dockside. 
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NPES:  Non-Propulsion  Electronics  System 
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Disclosure  at  All  Is  Available. 
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Reconfigurable  for  Future  Needs 
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Wide  Area  Integration  Facility  (WAIF) 
Leverages  Facilities  at  ail  Development  Sites 
Extends  Development  Facilities  into  COATS 
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PRESENTATION  OVERVIEW 


We’ve  come  a  long  way,  but 
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STANDARDS 
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PERFORMANCE  BASED  SUPPORTABILITY 
OBJECTIVE 


PERFORMANCE  BASED  SUPPORTABILITY 
(A  Concurrent  Engineering  Process) 


Define  Operational  Supportability  Requirements 
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Expected  Cost  Avoidance:  More  Than  The 
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Operator 

Manpower 


O&S  Cost  Distribution  For  Previous  Item 
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Sample  Program 

Marine  Amphibious  Assault  Vessel 


WHAT  WE  NEED  TO  MAKE  IT  WORK 
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SUPPORTABILITY  STANDARD 
DEVELOPMENT 
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STAN DARD  DEVELOPMENT  APPROACH 


The  Standard  must  capitalize 
on  Best  industry  Practices 
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IMPLEMENTATION 


Mike  Cook 

Avionics  Systems  Division 
Space  &  Electronics  Group 
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Capitalize  on  technology  •  Preserve  investment  •  Incrementally  add  capability 

advances  •  Set  baseline  for  future  •  Rapid  deployment 

Replace  current  obsolete  enhancements  ,  Managed  change,  less  risk 

HW  with  open  system  standards; 
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Reconfigurable  Processor  for  Legacy  Avionics  Code  Execution 

RePLACE™  The  Enabling  Technology 


RePLACP"^  is  an  Object  Oriented  Software  Emulation  Technology  that  — 


Max’d  out  throughput  &  memory  memory! 

..  .  .  Powerful  real-time,  non-intrusive 

No  real-time  monitoring  monitoring  capabiiities 
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RePLACE™  Approach  -  Software  View 


Vendor  Specific 


New  HA/V  OFF  Validation 

Development 

(Very  box 
dependent) 
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Comparing  RePLACE™  to 
Other  Upgrade  Strategies 
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RePLACE™  Executing  F-16  HUD  OFP 


RePLACE™  Executing  F-16  HUD  OFP  with 
New  C++  Code  Running  Concurrently 


Paradigms  _  execution  events  interfacing  native  code 

—  drag  &  drop  —  performance  ObjectS  tO  legacy  OFP 

-  “Explorer”-like  -  source  &  ass’y  code  flow  Object(s) 
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Application  Summary 


ASC6nt  Logic  Corporstion  NDlA9809l4cg  ©1998  Ascent  Logic  corporation,  ah  Rights  Reserved. 
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Data:  Long-Term  Supportability 


ASC6nt  Logic  Corporation  NDlA9809l4cg  ©1998  Ascent  Logic  corporation,  ah  Rights  Reserved. 
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Agenda 
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What  is  Data?  What  is  Information? 


ASCSnt  LOQIC  Corporstion  NDlA9809l4cg  ©1993  Ascent  Logic  corporation,  ah  Rights  Reserved. 
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Program  Managers  Need  Quality  Data 
and  Enabling  Tools  to... 


Ascent  Logic  Corporation  NDlA9809l4cg  ©1998  Ascent  Logic  corporation,  ah  Rights 
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To  Move  from  Data  to  Information.. 


ASC6nt  Logic  Corporstion  NDlA9809l4cg  ©1993  Ascent  Logic  corporation,  ah  Rights  Reservei 
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What  is  this  Concept  of 
Total  Data  Quality  Management? 


ASC6nt  LOQIC  Corporstion  NDlA9809l4cg  ©1998  Ascent  Logic  corporation,  ah  Rights  Reserved. 
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Define  Quality  Requirements  of 
Information  Products 


AsCSnt  Logic  Corporstion  NDlA9809l4cg  ©1998  Ascent  Logic  corporation,  ah  Rights  Reserved. 
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Information  Database  and  EIA  632 

Tasks  a  of  5) 
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Information  Database  and  EIA  632 
_ Tasks  q  of  5) _ 
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Information  Database  and  EIA  632 
_ Tasks  (3  of  5) _ 
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Information  Database  and  EIA  632 

Tasks  (4  of  5) 
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What  To  Do... 
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EIA  632  Requirements  Management 

Semantics 
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Tools  +  Tool  Interfaces  Costs 
(Hypothetical  30  Year  Program) 
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Summary:  Data  Quality  and 
Information  Integrity 
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Summary:  Tools  Purchase  and 

Maintenance 
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Summary:  Initial  Skill  Sets  Needed 
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Lower  Support  Cost,  At  Higher  Levels  of  Performance 

✓  Measure  the  Process. . .  (20%  Added  Savings) 

✓  Software  Support  (50%  reduction  since  1993,  another  50%  by  2000) 
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A  New  Approach  is  Needed 


Commercial  Acquisition 

Our  Way  of  Doing  Business 


'Today's  Environment  Demands  That  We  Closely 
Scrutinize  the  Way  We  Operate  and  Make  Changes.. 

Kathy  Eppars,  Director  of  Acquisition  Reform  Initiatives,  LMT AS 
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Military  Electronics  Market  Is  Too 
Small  To  Drive  Commercial  Products 
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Why  Move  to  Commercial? 


1960  1970  1980  1990  2000  2010 

Estimate  Based  on  Total  Production  Pius  Operational  &  Support 

iVtilitary  Aircraft  CPUs  Commercial  Intel  CPUs 
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Avionics  as  Cost 
of  Weapon  System 


'  Commercial  Practices  are  Needed 
for  Military  Systems  to  Reduce  Costs 
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•  Risk  Reduction  Program:  Navy’s  Air  Vehicle  Prognostics  and 
Health  Management  (AVPHM)  Program 
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Product  Life, Cycle 

(years) 


Weapon  System 
(Product  Cost) 
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Modeling  for  Lean  Product  Evolution 


Near-Term  Candidates 
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Evolve  the  Product ... 

Lower-Cost,  Open  System  Architectures 
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Software  Considerations  in  Highly  Reliable  Systems 

Development 


Ariane  5 
Mars  Pathfinder 
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•  Methodologies  and  tools 
»  Test  process  and  test  environment 


"D  73 

3  g 

o  - 
ff  O 
{D  O 

3  H 

a  (/) 

S’  O 

I- 1 

$  I 


73  D 


W  o 
(0  ^ 
(D  3 

(fi  ^ 

3  3* 

(D  0) 
3  ■D 


CO 

o 

S 

3 

0) 

■D 

a> 

(D 

o 

"O 

o 

&> 

3 

o 

3 

Q> 

3 

3 

(O 

184 


H  ■“  <D 

3  I  3 

8  ®  ® 

“3  3. 

i  ®  o 

sr  § 

3  2. 
3  a 


&)  fi) 

CQ  =r. 


<D  O 

3  = 

(D  0) 

3 
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Software  Systems  Engineering 


New  technologies  and  tools  are  evaluated  and  inserted  in  projects 
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Software  Systems  Engineering  Practice  at  Draper 


Tracking  and  Oversight  (MS  Project,  home  grown  metrics  and  problem 
tracking  tool,  user  meetings,  customer  reviews  ) 

SQA  and  IV&V 

Peer  reviews 
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Project  plan 

Methodology  and  tool  assessment  followed  by  team  training 
Requirements  traceability  (RTM) _ 
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Realizing  the  Revolution  in  Business  Affairs 
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Smart  Product  Models 


Traditional  OoD  Weapon  Life  Cycle 
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Objectives  of  Logistics  Reinvention 


implementation 


We  Need  a  Broad  Spectrum  of  Help 
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Systems  Engineering  &  Supportability 
Conference  &  Workshop 
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TestMaster  is  Deployed  in  a  Wide 
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The  Telecom  Industry 
Characteristics  that  Drove 


Testing  has  Two  Phases: 
Generation  and  Execution 
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A  Behavioral  Model  Defines  the  Use 
of  a  System  at  One  or  More  of  its 


A  Behavioral  Model  Facilitates  an 
Integrated  Design  and  Test  Process 
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i  Model  Based  incremental  Test 
Development  Process 
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Model  Based  Test  Generation  Is 
More  Efficient  for  Both  Design  & 


TestMaster  Applies  Across  the  Full 
Breadth  of  System  Development 


Number  of  Tests  Generated 
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A  Single  Model  can  Create 
Multiple  Test  Suites 
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Summary 

High  Reuse,  Standard  Models 


Worrier  Robins  Air  Logisfics  Center  /  Electronic  Conibot  Product  Group 


Purpose 


Outline 


Missile  Warning  Systems 


Aircraft 

Survivabilit 


Chaff  and  Flare  Dispensers 


Emergency  &  Routine 
Block  Cycle  Software 
Reprogramming 
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Electronic 

Countermeasures 

Pod 


Integrated  EW 
Suite 


Complex  hardware  implementations 
Infrequent  major  hardware  upgrades 
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EW  Product 


Lessons  Learned 


Outline 


Ops  Requirements/Empioyment  Changes 
Integration  with  other  On-Board  Systems 
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System  software  (Operational  Flight  Pgm) 
Mission  data 


The  EW  Challenge: 
Continuous  Change 


Outline 


Support  equipment  h/w  and  s/w 

Reprogramming  processes/support 

•  System  software 

•  Mission  data 
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EW  Systems 
Engineering 


Test  and  integration  of  lower  ievei  p 
leading  to  system  soiution 

Project  management 

Configuration  control 
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EW  Systems 
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EW  Systems 
Engineering 


Lessons  Learned 
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The  EW  Mission  and  Product  Line 
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CMM-based  instruction  governing  all 
aspects  of  EC  PGM  software  processes 
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EW  Software 
Enaineerina 


Customer  test 
Distribution 

Project  management/config  ctrl/quality 
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EW  Software 
Engineering 


Simple  numerical  threat  parameters 
New  threats 

Change  in  threat  priorities 


EW  Software 
Engineering 


Engineering  Context 
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Outline 


System  level  test  of  modified  software 


Lesson  1 
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Software 


Processes  and  procedures 
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Lesson  3 
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Technical  status 

Schedule/cost  status  per  earned  value 
Risk  management 
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Lesson  5 
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Lesson  7 


Bill  Ross 

Assistant  Director,  DoD  ATS  Executive  Agent 


TPS  Development  Tools 
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What  is  an  ATS? 


-  Establish  and  fund  a  DoD-wide  ATS  R&D  program 
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Customers  =  Weapon  System  Program  Managers  throughout  DoD 


What  Do  We  Do? 


1 1 .  Use  Weapon  System-to-Test  Data 

12.  Use  Knowledge  Based  TPSs 

13.  Define  interfaces  with  the  Integrated  Diagnostics  Framework 
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13  ATS  Objectives  to  Satisfy  the  Goals 


Test  &  Diagnostics  Consortium  being  established 
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ATS  Open  Systems  Approach 

Reference  Model 
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What  is  Next  for  DoD? 


Commercial  ATE  approach 

-  COTS  with  Consortium  defined  critical  elements 


PM  stove pmejbtty^any  weapon  system  unique  ATE  solutions 


Reduce  support  costs" 

Capture  commercial  technology 
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Dr.  Patricia  Sanders 

Director,  Test,  Systems  Engineering  and  Evaluation 
Office  of  the  Under  Secretary  of  Defense  (Acquisition  and  Technology) 

Keynote  Address 

The  Annual  NDIA  Systems  Engineering  and  Supportability  Conference 

September  15,  1998 


Thank  you,  Mark,  for  that  warm  introduction.  And  thank  you.  Bob 
Rassa  and  NDIA  for  both  sponsoring  this  event  and  inviting  me  to  speak.  I 
am  especially  pleased  to  see  so  many  industry  associations  participating  in 
providing  a  forum  for  a  very  important  topic.  Our  industry  partners  are 
critical  to  the  successful  achievement  of  DoD’s  objectives. 

This  first  annual  NDIA  Systems  Engineering  and  Supportability 
Conference  represents  a  major  step  since  we  now  have  both  DoD  and 
industry  engineers  talking  about  the  supportability  concerns  that  logisticians 
have  had  for  many  years.  And  I  have  to  say  that  calling  this  the  first 
ANNUAL  conference  indicates  a  commitment  to  dealing  with  these  issues  for 
the  long  haul — and  it  will  take  that  kind  of  long  term  commitment. 

We  are  seeking  to  improve  DoD  weapons  systems  supportability  by 
way  of  effective  systems  engineering — not  only  on  new  acquisitions,  but  also 
on  legacy  systems.  And  because  of  the  very  direct  relationship  of 
supportability  to  the  total  cost  of  ownership,  robust  system  engineering 
produce  not  only  better  quality  weapons,  but  also  more  affordable  weapons. 
Those  of  you  attending  this  conference  must  recognize  both  the  importance  of 
supportability  and  the  value  of  systems  engineering  to  achieving  it. 

Background 

Since  the  end  of  the  Cold  War  we  have  made  some  very  deep  cuts  in 
our  national  security  apparatus  and  adjusted  our  force  structure  to  meet  the 
demands  of  a  new  and  very  different  security  environment  that  we  see  today. 

At  the  same  time  that  we  drew  dwn,  as  you  all  know,  we  also  became 
much  busier.  The  end  of  the  Cold  War  left  us  with  a  more  complex,  a  more 
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unpredictable,  a  more  volatile  world  than  we  ever  could  have  foreseen  in  the 
early  1990s. 

In  Iraq  and  Somalia,  in  Haiti  and  Rwanda,  and  of  course  today  in 
Bosnia  andKosovo,  we  have  seen  the  face  of  future  conflicts.  Conflicts  that 
reflect  a  lot  of  the  bitter  divisions  of  the  past.  In  the  Far  East  and  Southwest 
Asia  we  continue  to  face  rogue  states  that  have  some  very  large  military 
capabilities,  as  well  as  some  capabilities  that  come  with  chemical,  biological, 
and  nuclear  weapons  and  the  means  to  deliver  them. 

Today  as  we  meet  here,  in  support  of  our  military  strategy,  we  have 
about  120,000  servicemen  and  women  deployed  away  from  home  for  training 
or  what  we  call  named  operations  around  the  world.  The  level  of  activity  that 
we  have  maintained  since  the  end  of  the  Cold  War,  as  you  well  know,  has 
been  very  challenging. 

The  dilemma  we  face  right  now  involves  competing — and  seemingly 
unlimited— demands  for  constrained  resources.  We  simply  cannot  afford  all 
that  we  would  like  to  do — or  even  all  that  we  must  do.  With  fixed  total 
resources,  we  have  resorted  to  “robbing  Peter  to  pay  Paul,”  taking  from 
future  investments  in  modernization  to  maintain  current  readiness.  Yet  we  all 
know  that  we  must  develop  the  new  systems  needed  to  meet  the  challenges  of 
early  21®‘  century.  And  we  must  modernize  our  current  equipment  in  order  to 
maintain  our  military  superiority  in  the  face  of  potential  adversaries,  equipped 
off  the  world’s  commercial  or  military  markets,  and  their  increasing  use  of 
asymmetrical  warfare. 

We  must  simultaneously  shift  our  focus  from  the  traditional  weapons 
platforms  (ships,  planes,  and  tanks)  to  weapons  that  will  counter  these  future 
asymmetrical  threats — such  as  defenses  against  biological  warfare, 
information  warfare,  and  ballistic  missiles.  And,  on  the  offensive,  we  must 
increase  our  funding  on  enhanced  and  secure  C3I  and  precision  weapons. 

We  must  also  face  the  reality  thafor  the  foreseeable  future,  the  vast 
majority  of  the  systems  we  will  use  are  those  that  are  already  deployed. 
Because  we  stopped  modernizing  over  the  last  decade — when  our 
procurement  account  dropped  by  more  than  70  percent — we  are  now 
spending  billions,  for  example,  to  maintain  an  aging  fleet  of  aircraft — 7  5 
percent  of  which  will  soon  have  an  average  age  of  more  than  20  years.  Flying 


hour  costs  for  that  aging  fleet  have  risen  almost  70  percent  during  the  past 
four  years,  and  maintenance  costs  are  skyrocketing.  Worse  still,  the  age  and 
deteriorating  state  of  these  systems  is  having  an  effect  on  readiness.  They 
demand  more  and  more  dollars  to  just  keep  them  going. 

Dr  Gansler  has  characterized  this  as  being  “trapped  in  a  death  spiral.” 
The  requirement  to  maintain  our  aging  equipment  is  costing  us  much  more 
each  year:  in  repair  costs,  down  time,  and  maintenance  tempo.  But  we  must 
keep  this  equipment  in  repair  to  maintain  readiness.  It  drains  our  resources — 
resources  we  should  be  applying  to  modernization  of  our  traditional  systems 
and  development  and  deployment  of  the  new  systems.  S,  we  stretch  out  our 
replacement  schedules  to  ridiculous  lengths  and  reduce  the  quantities  of  new 
equipment  we  purchase — raising  their  costs  and  still  further  delaying 
modernization. 

Compounding  the  problem  is  the  increased  operational  tempo  required 
by  our  worldwide  role  as  the  sole  remaining  superpower,  which  more  rapidly 
wears  out  the  old  equipment. 

To  break  out  of  this  cycle  will  be  extremely  difficult.  It  will  retpi 
significant  cultural  change,  a  sense  of  urgency,  and  implementation  of  difficult 
decisions.  It  will  not  be  enough  simply  to  accept  the  notion  of  the  need  for  a 
Revolution  in  Military  Affairs  and  the  need  for  a  Revolution  in  Business 
Affairs.  Action  nowis  essential  for  our  security  in  the  century. 

Criticality  of  the  Supportability  Issues 

Let  me  give  some  idea  of  the  magnitude  of  the  supportability  issue — 
put  it  in  context  for  you. 

As  an  organization,  one  of  our  real  challenges  is  to  manage  about  70 
years  of  technology  at  any  one  point  in  time.  We  operate,  on  a  daily  basis, 
aircraft  that  were  designed  back  in  the  early  50s  and  we  still  have  to  maintain 
them,  buy  spare  parts  for  them,  and  keep  them  updated.  At  the  same  time,  we 
are  working  on  research  and  development  programs  for  systems  that  won’t  be 
fielded  until  2015-2020.  Managing  that  spectrum  of  technology  is  a  real 
challenge. 


Fully  one-third  of  the  DoD  budget  (about  $80  billion  per  year)  and 
nearly  half  of  the  Department’s  manpower  (1,250,000  military  and  civilians) 
is  in  Logistics.  To  get  some  perspective  on  that,  in  the  active  military  we 
have  290,000  personnel  in  the  combat  forces  and  twice  that  number  of  active 
military  in  the  logistics  force. 

If  we  examine  what  happened  from  1988  to  1998,  procurement  dollars 
fell  by  more  than  70  percent.  Operations  and  maintenance  on  the  other  hand, 
reduced  only  16  percent.  On  a  per  troop  basis,  operations  and  support  costs 
actually  grew  from  $107K  to  $125K  per  troop. 

In  The  Art  of  War,  Sun  Tzu  estimated  that  60  percent  of  military 
spending  is  required  to  cover  broken  down  chariots,  worn  out  horses,  armor, 
arrows  and  crossbows,  supply  wagons  and  other  support  costs.  Things 
haven’t  changed  much.  While  the  weapons  are  different,  the  high  cost  of 
maintaining  them  isn’t.  The  Navy,  for  instance,  estimates  64  percent  of  the 
lifetime  costs  of  a  surface  combatant  ship  can  be  attributed  to  operation  and 
support. 

This  picture  is  not  improving.  Consider  in  the  1970s,  operations  and 
support  costs  typically  accounted  for  up  to  60  percent  of  a  systems  total  life- 
cycle  costs.  For  many  reasons,  not  the  least  of  which  being  that  weapon 
systems  as  general  rule  are  remaining  in  the  DoD  inventory  much  longer  than 
originally  planned,  the  O&S  costs  as  a  percentage  of  total  life  cycle  costs 
have  been  steadily  increasing  to  the  point  where  they  are  now  estimated  to  be 
closer  to  72  percent. 

Relationship  between  Acquisition  and  Logistics 

This  adds  up  to  a  very  real  and  very  substantial  shared  challenge  for 
the  acquisition  and  logistics  communities. 

Now  consider  that  for  all  our  systems,  both  new  and  legacy,  a 
significant  portion  of  O&S  costs  is  directly  attributed  to  the  design  decisions 
made  during  the  early  phases  of  the  acquisition  process.  The  major 
categories  of  cost  drivers  include  fuel  and  othoxpendables,  spares — both 
initial  and  replenishment,  operating  personnel,  and  both  maintenance  and 
repair  labor — with  people  being  the  largest  element.  But  all  factors  that  are 
influenced  very  early  in  the  acquisition  process.  And  this  is  one  of  the  places 
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where  the  acquisition  and  logistics  community  must  come  together  to  face  the 
challenges. 

Success  will  occur  when  our  different,  but  complementary,  approaches 
and  perspectives  are  brought  together.  The  final  value  added  is  then  greater 
than  the  sum  of  the  parts.  Without  a  doubt,  the  most  essential  tenet  of 
Integrated  Product  and  Process  Development  (IPPD)  is  multidisciplinary 
teamwork. 

On  the  acquisition  side,  our  multifunctional  IPTs  now  include 
Logisticians  as  key  players  on  the  product  development  team  -  providing  the 
logistics  community  with  the  opportunity  to  make  sure  that  supportability 
considerationsare  an  integral  part  of  the  design  and  development  processes 
from  the  very  start.  A  major  challenge  for  the  Logistician  is  the  ability  to 
bring  supportability  and  logistics  issues  of  substance  "to  the  table"  in  a  way 
that  all  IPX  participants  can  understand,  appreciate  and  successfully  resolve. 

Having  aggressively  brought  the  Acquisition  Logistician  into  the 
development  process  earlier  we  can  addressustainment  issues  during  system 
design  where  ninety  percent  of  the  cost  of  owning  a  weapons  system  is 
determined.  Where  they  can  have  an  impact  on  increasing  fuel  efficiency, 
reducing  the  consumption  rates  ofxpendables  like  ammunition,  more 
reliable  and  durable  spares,  design  for  ease  of  repair,  reduced  size  and 
weight,  and  very  importantly  system  designs  that  decrease  the  number  of 
operations  and  support  personnel. 

Let’s  consider  aircraft  as  n  example.  The  next  generation  of  military 
aircraft,  may  be  faster,  fly  farther,  use  less  fuel,  and  be  much  lighter.  The 
next  generation  of  military  aircraft  will  also  require  more  power  for  more 
sensors  and  weapons  systems.  The  number  of  electric  motors  on  board  an 
aircraft  has  risen  dramatically  over  the  past  20  years  as  fly-by-wire  systems 
have  been  introduced.  At  the  same  time,  systems  are  becoming  increasingly 
reliable.  In  general,  there  is  a  move  away  from  numerous,  separately 
specified  system  components  to  integrated  networks. 

Traditionally,  aircraft  electrical  systems  have  been  designed  on  a 
centralized  basis,  with  generators  supplying  power  to  a  power  center  that  then 
distributes  it  to  the  aircraft’s  systems.  In  a  distributed,  or  integrated, 
architecture,  the  long  runs  of  individual  power  wires  are  replaced  with 
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secondary  power  feeders  linked  to  multiplexed  data  bus  lines.  The  integrated 
network  eliminates  components  and  wires;  reduces  weight,  installation,  and 
testing  times;  and  increases  reliability. 

According  to  some  manufacturers’  figures,  with  use  of  distributed 
power  systems,  the  number  electrical  components  can  be  cut  by  35  percent, 
wire  segments  by  40  percent,  weight  by  40  percent,  and  installed  time  by  60 
percent.  In  addition,  reliability  can  be  improved  by  20  percent.  A  win-win- 
win  situation  for  acquisition,  logistics,  anvdarfighter. 

NAVAIR,  for  legacy  systems,  has  been  able  to  break  down  major  cost 
categories  to  136  discrete  cost  elements  and  identify  internal  and  external 
factors  that  influence  them.  This  has  helped  managers  target  areas  for  cutting 
costs. 


But  only  through  detailed  analysis  of  weapons  systems  and  by 
documenting  how  weapons  wear,  the  cost  of  repairing  individual  parts,  etc., 
will  we  be  able  to  manage  total  ownership  costs.  You  have  to  break  down 
very  complex  systems  to  determine  where  a  small  investment  can  have  a  high 
payoff. 

So  far,  NAVAIR  has  identified  savings  of  $404  million  over  a  five-ear 
period  by  adopting  logistics  reengineering  proposals  to  make  design 
improvements  on  items  with  high  cost  and  high  failure  rates. 

The  challenge  will  be  to  make  those  initial  investments  that  could  reap 
long-term  savings.  This  is  very  difficult  when  you  are  living  hand-to-mouth. 
Higher  costs  today  are  hard  to  sell  for  promised  savings  tomorrow. 

This  is  why  we  must  treat  life  cycle  costs  as  an  independent  variable¬ 
something  that  is  consciously  considered  up  front  in  the  design  process  and 
giving  it  an  "equal  place  at  the  table"  along  with  system  performance. 
Something  that  gets  the  focused  attention  of  the  Joint  Requirements  Oversight 
Council  (JROC).  Something  that  we  hold  program  managers  accountable 
for. 


The  Defense  Science  Board  has  estimated  that  the  return  on  investment 
for  designing  in  supportability  can  be  3-5 ;  1 .  And  we  can  cite  the  LPD-1 7 
example  where  an  investment  of  approximately  $28  million  per  ship  can 
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result  in  a  20  percent  reduction  in  total  ownership  costs  or  about  $4  billion 
over  fleet  lifetime. 

The  Open  Systems  Approach 

One  of  the  w^s  we  can  design  with  life  cycle  considerations  in  mind  is 
the  open  systems  approach  which  is  both  a  technical  approach  and  a  preferred 
business  strategy. 

With  an  open  systems  approach,  program  managers  can  have  access  to 
alternative  sources  for  the  key  subsystems  and  components  to  construct  DoD 
systems.  DoD  investment  early  in  the  life-cycle  is  reduced  since  at  least  some 
of  the  required  subsystems  or  components  are  likely  to  already  be  available, 
or  being  developed  without  direct  DoD  dollars.  Production  sources  can  be 
competitively  selected  from  multiple  competitors. 

The  system  design  flexibility  inherent  in  the  open  system  approach,  and 
the  more  widespread  availability  of  conforming  commercial  products, 
mitigates  potential  problems  associated  with  a  diminishing  defense-dependent 
manufacturing  base.  Finally,  life-cycle  costs  are  reduced  by  a 
long-lived,  standards  based  architecture  that  facilitates  upgrades  by 
incremental  technology  insertion,  rather  than  by  large  scale  system  redesign. 

If  we  had  usd  an  open  systems  approach  to  designing  the  B-52, 1 
wonder  how  much  we  could  have  saved  as  we  constantly  evolved  that  aircraft 
over  half  a  century  to  take  on  missionunthought  of  when  it  was  first 
conceived! 

Legacy  Systems 

With  the  number  of  “new  starts”  sharply  declining,  the  real  “target  of 
opportunity  for  DoD  budget  savings  lies  not  with  new  systems,  but  with  the 
large  number  legacy  systems  now  in  the  DoD  inventories.  Basically  we  need 
to  approach  the  issue  of  our  legacy  systems  similar  to  the  way  we  now 
develop  and  acquire  our  new  systems,  subjecting  upgrades  and  modifications 
to  the  same  kinds  of  cost,  performance,  and  schedule  traddfs,  again 
treating  cost  as  an  independent  variable.  The  principles  of  IPPD  which  we 
now  successfully  employ  in  the  development  and  acquisition  of  new  systems 
need  to  be  applied  equally  tonods  and  upgrades  as  well. 


For  these  systems,  we  need  a  business  and  engineering  revolution 
similar  to  the  one  we  have  been  experiencing  in  the  acquisition  community. 
We  need  to  attack  the  O&S  cost  issues  on  a  number  of  fronts.  Not  only  do 
we  need  to  apply  systems  engineering  principles  to  our  weapons  systems,  we 
need  to  apply  systems  engineering  principles  to  our  logistics  infrastructure. 
Again,  an  acquisition-logistics  partnership. 

There  are  great  economies  to  be  gained  from  re-engineering  and 
modernizing  the  DoD  logistics  infrastructure.  We  already  have  major 
changes  underway  in  this  arena,  and  shortly  weTl  be  hearing  from  Mr.  Lou 
Kratz  who  is  heading  up  our  Logistics  Reengineering  and  Modernization 
effort.  I  will  leave  it  to  Lou  to  tell  you  about  all  the  things  we  are  doing  now 
and  intend  to  do  in  the  near  future  to  reengineer  and  modernize  DoD’s 
logistics.  These  changes  hold  great  promise  in  further  helping  to  lower  the 
cost  of  supporting  not  only  the  legacy  systems  but  also  our  future  systems. 

Summary  and  Closing 

As  I  close  I  would  like  to  reemphasize  my  message  to  you: 

•  Modernization  of  our  forces  must  take  place — and  it  must  take 
place  within  the  existing  budget  constraints. 

•  We  must  lower  logistics  costs  before  the  tail  totally  consumes  the 
tooth. 

•  There  are  no  simple  solutions  to  lowering  total  ownership  costs. 

•  O&S  costs  on  our  legacy  systems  represent  a  large  target  of 
opportunity  that  we  must  exploit. 

•  The  same  focus  and  commitment  we  applied  to  acquisition  reform 
initiatives — IPPD,  cost  as  an  independent  variable,  open  systems 
approaches—need  to  be  carried  over  to  theustainment  and  in- 
service  engineering  arenas. 

•  We  must  break  down  the  “walls  or  stovepipes”  that  separate  the 
acquisition  and  logistics  communities  if  we  are  to  be  successful 


o  no 

..J  u  u 


Listen  closely  to  what  LoiKratz  has  to  say  about  what  the  logistics 
community  is  doing  hand-in-hand  with  the  acquisitions  community  in  terms  of 
a  business  revolution  to  reduce  the  costs  of  the  logistics  infrastructure. 

Together  we  will  have  discussed  a  number  of  strategies  or  initiatives 
that  I  believe  will  contribute  to  engaging  our  shared  challenges.  Undoubtedly 
these  strategies  and  others  will  be  discussed  in  more  detail  here  this  week. 

Because  of  the  unprecedented  opportunities  and  challenges  emerging 
from  a  rapidly  changing  world,  I  cannot  emphasize  too  much  our  need  to 
work  together  to  succeed.  We  must  rely  on  each  other  now  more  than  ever 
before.  If  we  join  our  talents  and  work  together,  we  can  and  will  meet  those 
challenges. 

Neither  in  DoD  nor  industry,  none  of  us  is  as  smart  as  all  of  us. 


R.  L.  Scott /ASC/LP 
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DEVELOP,  ACQUIRE,  FIELD,  AND  SUSTAIN 
AFFORDABLE  AND  SUPERIOR  ENGINES  IN 


*  Transferred  to  OC-ALC  in  June  98 
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INTRODUCTION 


Preventative  Maintenance 
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WHATISRCM? 


MU  1  gave  up  component  me 

Statistical  analysis  showed  no  change  in  safety  or 
reliability  when  MOT  limits  changed 
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Equipment  Down  Time 
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HISTORY  OF  RCM 
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HISTORY  OF  RCM 


Application  to  pre-existing  systems 
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HISTORY  OF  RCM 


RCM  is  USAF  Policy 
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OCM  VERSES  RCM  in  ENGINE 


o 

< 

CD 


Q} 

C 


o  CD 


^  -1  c ;  C  ;  '  I 

o  c  '<  c  o  o  ^ 

N  CQ  C/>  g.  ^  ^  13 


^  3 

CD  (D 


O’  ’O 


I 

\ 

\ 


i 


V  V 


ET  ^ 

<D  o 

&  (0 
0)  S 

o 

3  I 

i  I 

it 

o  K 

<  ® 

»  3 
(0  o 
rt.  a. 

“  I 

■5  CD 


313 


C&R  =  Check  &  Repair  --  Fix  only  what  drove  off  win g//Up date  to  next  interval 
FISR=  Hot  Section  Repair  -  Reblade  HPT,  insp.  &  repair  as  necessary  on  other  modules 
EHM=Engine  Heavy  Maintenance  --  Restore  life  for  all  modules 

fl/laintenance  Planning  by  IPT:  Individual  Engine  Work  Scoping 
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RCM  in  COMMERCIAL  PRACTICE 
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RCM  in  COMMERCIAL  PRACTICE 


:  Worldwide  except  Japan  and  engines/aircraft  in  storage  at  Davis-Monthan  AFB 
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FlOO-PW-220  (1987)  powers  F-16A/B/C/D  and  F-15B/C/D/E 
FlOO-PW-229  (1991)  powers  F-16C/D  and  F-15E 
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F100-PW-220/E  RCM  DEMONSTRATION 

Propulsion  DSO 


SVR  7.92  5.82 

#  Shp  Vsts/Mo  30  77 

TAC/EFH  2.61  2.16 

ABLites/EFH  4.22  3.90 
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F100-PW-220/E  RCM  DEMONSTRATION 

Propulsion  DSO 
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F100-PW-220/E  RCM  DEMONSTRATION 

PrOpulsiOIl  DSO 


Phase  3  -  Monitor,  collect  and  analyze  reliability  and  cost  data 

-  Final  report  by  1  November  99 
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F100-PW-220/E  RCM  DEMONSTRATION 

aaH  Propulsion  DSO 
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F100-PW-220/E  RCM  DEMONSTRATION 

PrOpulSlOIl  DSO 

Maintenance  Cost  Theory 


200  300  400  500  600  700  800  900 

Engine  Flight  Hours  Between  Removal  (MTBR) 
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F100-PW-220/E  RCM  DEMONSTRATION 


Cost  of  improvements  is  negotiated  in  current  overhaul  price 
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F100-PW-220/E  RCM  DEMONSTRATION 
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New  Programs  Manager 
Instruetional  Systems  &  Teehnieal  Publieations 


ctive  Electronic  Technical 


Several  military  and  commercial  endeavors  in-work 

Meritorious  Achievement  Award  from  the  American 
Helicopter  Society  in  May,  1998 
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Expert  and  Novice  modes 
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weD  implementation 
Automated  Torque  Wrench 
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costs  reclaim  73%  of  lETM 
implementation  investmenf 
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Measure  accountable  data 
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development  and  build  customer  computer 
hardware  and  software  infrastructure  while 
supporting  cultural  change 
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